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. $-1/|x|$ $-(1/2)\Delta-1/|x|$
$\sigma(-(1/2)\Delta-1/|x|)=\{-1/2n^{2}\}_{n=1}^{\infty}\cup[0,$ $\infty)$ ,
$\{-1/2n^{2}\}_{n=1}^{\infty}$ $($ 1 $)$ .
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$K_{1}$ $K_{0}$ . $|\alpha|$ $K(\alpha)=K_{0}+\alpha K_{I}$
. $K(\alpha=0)=K_{0}$
. $\inf\sigma(K_{0})$ $\alpha K_{I}$
.
.
$\inf\sigma(K_{0})$ , $|\alpha|$ $K(\alpha)$









. $\Delta_{j}=-\sum_{k=1}^{3}\partial^{2}/\partial x_{j}^{2_{k}}$ . $N$ $m$
, $j$ $i$ $\iota$ $V$ . 2
. $N$
$I^{7}/$ . $V$ .
2.1 (1) $V$ . (2) $\exists N_{c}>0$ st $\forall N>N_{c}$ $L^{2}(\mathbb{R}^{3})$
$-(1/2m)\Delta+N^{2}V$ .
3 Lieb-Thirring
$\#$ { $-(1/2m)\Delta+V$ $0$ } $\leq a\int_{R^{3}}|mV_{-}(x)|^{3/2}dx$
$V$ $L^{2}(\mathbb{R}^{3})$ $-(1/2m)\Delta+V$








. $\Phi=\{\Phi^{(n)}\}_{n=0}^{\infty}\in \mathscr{F}$ $( \Phi, \Psi)=\sum_{n=0}^{\infty}(\Phi^{(n)}, \Psi^{(n)})$
, $\mathscr{F}$ . $\Omega\in \mathscr{F}$ .
$a(f),$ $a^{*}(g),$ $f_{3}g\in L^{2}(\mathbb{R}^{3})$ , $\mathscr{F}$ , .
$(a(\overline{f}))^{*}=a^{*}(f)$
$[a(f), a^{*}(g)]=(\overline{f}, g)$ , $[a(f), a(g)]=0=[a^{*}(f),$ $a^{*}(g)|$
. $a^{*}(fi)\cdots a^{*}(f_{n})\Omega$ $\mathscr{F}$ .
$a \#(f)=\int a\#(k)f(k)dk$ .
, $k$




$H_{f}a^{*}(f_{1}) \cdots a^{*}(f_{n})\Omega=\sum_{j=1}^{n}a^{*}(f_{1})\cdots a^{*}(\omega f_{j})\cdots a^{*}(f_{n})\Omega$




. $L^{2}(\mathbb{R}^{3N})$ , $\mathscr{F}$
. $H_{p}$ $H_{f}$ :
$H_{0}=H_{p}\otimes 1+1\otimes H_{f}$ . (2.1)
$H_{0}$
$\sigma(H_{0})=\{\lambda+\mu|\lambda\in\sigma(H_{p}), \mu\in\sigma(H_{f})\}$
, $\sigma(H_{p})=[0, \infty)$ $H_{p}$ , $H_{0}$ ,




.$\hat{\varphi}(k)=\{\begin{array}{ll}0, |k|<\kappa,1/\sqrt{(2\pi)^{3}}, \kappa\leq|k|\leq\Lambda,0, |k|>\Lambda\end{array}$




$H=H_{0}+g \sum_{j=1}^{N}\phi(x_{j})$ , $g\in \mathbb{R}$ . (2.3)
Nelson $g$ , .
. $H_{I}= \sum_{j}^{N}=1\phi(Xj)$ .
$\mathscr{H}$ $\mathbb{R}^{3N}$ $\mathscr{F}$- $L^{2}$ , $F\in \mathscr{H}$ $\mathbb{R}^{3N}\ni x\mapsto F(x)\in \mathscr{F}$
. $H_{I}$ 1 $(H_{I}F)(x)= \sum_{j=1}^{\wedge \mathcal{T}}\phi(xj)F(x),$ $x=(x_{1}, \ldots, x_{n})$ ,
. $D(H_{I})= \{F\in \mathscr{S}|F(x)\in D(\sum_{j}^{N}=1\phi(x_{j})), \forall x\in \mathbb{R}^{3N}\}$ .
$\phi(x)$ $H_{0}$ $H$ $D(\Delta\otimes 1)\cap D(1\otimes H_{f})$





$g\in \mathbb{R}$ $H$ [GerOO,
GLLOI, Sas05, Spo98]. (2.4) ,
. , (2.4)
[Hir06]. .
















$W_{ij}=W(x_{i}-Xj)=- \frac{1}{4}/\frac{e^{-\cdot ik(x_{i}-x_{J})}|\hat{\varphi}(k)|^{2}}{\omega(k)^{2}}dk$ (3.2)
smeared $x_{j}|$
. $|g|$ $H_{eff}$ .
$\kappa$ $|g|$ $H(\kappa)$
. .
3.1 [HS07] $\kappa>0$ , $N>N_{c}$ $\exists\alpha_{c},$ $\exists\alpha_{c}(\kappa)>0$
. $\alpha_{c}<|g|<\alpha_{c}(\kappa)$ $H(\kappa)$ .
$\kappa$ .













$T^{-1}H( \kappa)T=\sum\frac{1}{2m}N(-i\vec{\nabla}_{j}\otimes 1-\frac{g}{\kappa^{2}}\vec{\phi}(x_{j}))^{2}+\kappa^{2}1\otimes H_{f}$
$j=1\overline{:=T_{j}}$
$+( \sum_{j=1}^{N}V(x_{j})+g^{2}\sum_{i\neq j}W_{ij}-\frac{g^{2}}{4}N\Vert\hat{\varphi}/\omega\Vert^{2})\otimes 1$ (4.1)
.
$\vec{\phi}(x):=\frac{1}{\sqrt{2}}(a^{*}(k\hat{\varphi}e^{-ikx}/\omega^{3/2})+a(k\hat{\varphi}e^{+ikx}/\omega^{3/2}))$ (4.2)
. (4.1) , $\kappaarrow\infty$ $g/\kappa^{2}arrow 0$
(3.1) . $g^{2}$





$H= \sum_{j=1}^{N}T_{j}+\kappa^{2}H_{f}+g^{2}\sum_{i\neq j}W_{ij}+\sum_{j=1}^{N}V(x_{j})$ . (4.3)
(3.2) $W^{\gamma}$ . (1) $W$ (2) $\lim_{|x|arrow\infty}W(|x|)=0,$ (3) $W$ 3
, (4) $W$ $W^{r}(0)\leq W(x)$ .









. 2 $\Sigma$ .
4.1 $\Sigma:=\inf_{\beta\subset C,\beta\neq c}(E^{V}(\beta)+E^{0}(\beta^{c}))$ .
$\Sigma$
$\beta$ $V$ , $\beta^{c}$
. , $\phi$ ,





4.2 [GLLOI] $\Sigma-E>0$ $H$ .








$\Xi=\inf_{\beta\subset C,\neq C}(\mathcal{E}^{V}(\beta)+\mathcal{E}^{0}(\beta^{c}))$ .
$\inf\sigma(h)=\mathcal{E}^{V}(C):=\mathcal{E}-$
. 2 2 $\Sigma$ diamagnetic





$E \leq \mathcal{E}+\frac{g^{2}}{\kappa^{2}}A\frac{V}{4rn}\Vert\hat{\varphi}/\sqrt{\omega}\Vert^{2}$ (4.5)
. (4.4),(4.5)
$\Sigma-E\geq$ $- \mathcal{E}-\frac{g^{2}}{\kappa^{2}}(\frac{N}{4m}\Vert\hat{\varphi}/\sqrt{\omega}\Vert^{2})$ (4.6)
, $\kappa>0$ (4.6) ,
$-\mathcal{E}>0$ (4.7)
. $\kappa$ , diamagnetic
.
43 (4.6) . $\mathcal{E}$ $g$ $\kappa$
. $|g|>\exists\alpha_{c}>0$ (4.7) . $\alpha$
(4.6) $\kappa$ . $\kappa$ (4.6)









. $|\beta|=\neq\beta$ . $W(0)<0$
$\mathcal{E}^{V}(\beta)+\mathcal{E}^{0}(\beta^{c})>\mathcal{E}^{0}(C)$ (4.8)
$|g|>\exists g’$ .
$\Xi>\mathcal{E}^{0}(C)$ , $|g|>g^{l}$ . (4.9)
, $($4.7 $)$
$\mathcal{E}^{0}(C)-\mathcal{E}>0$ $($ 4.10 $)$
. $h$
$UhU^{-1}=- \frac{1}{2Nm}\Delta_{x_{c}}\otimes 1+1\otimes_{\frac{(\sum_{j--1}^{N-1}-\frac{1}{2\mu_{j}}\Delta_{yj}+g^{2}\sum_{i\neq j}\mathcal{W}_{ij}^{r})}{=K}}+\sum_{j=1}^{N}V(x_{j})$
.
$\mu_{j}$ reduced mass, $(x_{1},$ $\ldots,$ $x_{N})arrow(x_{C},$ $y_{1},$ $\ldots,$ $y_{N-1})$
$x_{c}= \sum_{j=1}^{N}x_{j}/N$, $y_{j}=x_{j+1}- \sum_{i=1}^{j}x_{i}/j$
,
$L^{2}(\mathbb{R}^{3N})\cong L^{2}(\mathbb{R}^{3_{x_{c}}})\otimes L^{2}(\mathbb{R}_{y1,\ldots,yN-1}^{3(N-1)})$ (4.11)
. IMS .
44 $L^{2}(\mathbb{R}_{y1,..,yN-1}^{3(N.-1)})$ $K$ $|g|>g^{\prime l}$ $u_{g}\in.L^{2}(\mathbb{R}_{y1,..,yN-1}^{3(N.-1)})$
.
$g^{2}arrow\infty$ $K$ $|u_{9}(y_{1}, \ldots, y_{N-1})|^{2}$
.
$\lim_{g^{2}arrow\infty}|u_{9}(y_{1}, \ldots, y_{N-1})|^{2}arrow\delta(y_{1})\cdots\delta(y_{N-1})$ (4.12)
129
.. $L^{2}(\mathbb{R}^{3_{x_{c}}})$ $\frac{1}{2mN}\Delta_{X_{C}}+NV(x_{c})$
$N>N_{c}$ . $v\in L^{2}(\mathbb{R}^{3_{x_{c}}})$ .
$\Phi_{g}\cdot=v\otimes u_{9}$
. $\otimes$ (4.11) $\otimes$ . , (4.12)
$\mathcal{E}\leq\lim_{garrow\infty}(\Phi_{g}, UhU^{-1}\Phi_{g})$ $=$ $\mathcal{E}^{0}(C)+\lim_{garrow\infty}(\Phi_{g}, (\frac{1}{2Nm}\Delta_{x_{c}}+\sum_{j=1}^{N}V(x_{j}))\Phi_{g})$
$=$ $\mathcal{E}^{0}(C)+(v, (\frac{1}{2Nm}\Delta_{x_{c}}+NV(x_{c}))v)<\mathcal{E}^{0}(C)$ .
$\underline{1}\Delta_{x_{c}}+NV$ . $|g|>\exists g^{l\prime\prime}$
$2mN$
$\mathcal{E}<\mathcal{E}^{0}(C)$ . $\alpha_{\text{ }}=\max\{g’,$ $g”,$ $g”’\}$ (4.7)
. 43 3.1 .
4.5 $V$ regularity ,
$V$ $C_{0}^{\infty}$
. [HS07, Appendix] .
46 $\hat{\varphi}$ , $\hat{\varphi}(-k)=$
$\hat{\varphi}(k)=\hat{\varphi}$ (k), $\varphi\hat$ , $\hat{\varphi}/\sqrt{\omega}\in L^{2}(\mathbb{R}^{3})$ ,
$\int|\hat{\varphi}(k)|^{2}/\omega(k)^{3}dk<\infty$ $T$
, enhanced binding .
5
$H$ enhanced binding . enhanced binding
[AK03, CH04, CVV03, HVV03, HHS05].
$\{\begin{array}{l}|g|<g_{\text{ }}arrow \text{ }|g|>g_{c}arrow \text{ }\end{array}$
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